(19) 




Europ8lschas Patentamt 
European Pat ntOffie 
Office uropeen des brevets 




(12) 



(43) Date of publication: 

18.07.2001 Bulletin 2001/29 

(21) Application number: 00307944.9 

(22) Date of filing: 13.00.2000 



(n) EP 1 116 918 A1 

EUROPEAN PATENT APPUCATION 

(51) mi a?: F23R 3/14, F23C 7/00 



(84) Designated Contracting States: 


• Waimsley, Robert Bruce 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Moscow, Ohio 45153 (US) 


MC NL PT SE 


♦ Roberts, Hubert Smith, Jr. 


Designated Extension States: 


Cincinnati, Ohio 45242 (US) 


AL LT LV MK RO SI 






(74) Representative: Redder, James Cuthbert et al 


(30) Priority: 13.01.2000 US 482668 


G£ London Patent Operation, 




Essex House, 


(71) Applicant: GENERAL ELECTRIC COMPANY 


12/13 Essex Street 


Schenectady, NY 12345 (US) 


London WC2R 3AA (GB) 


(72) Inventors: 




• Leen, Thomas Anthony 




Cincinnati, Ohio 45241 (US) 





(54) Combustor swirier assembly 

(57) Service life is improved in a swirier assembly 
(30) including a primary swirier (32) and a secondary 
swirier (40) having a venturi formed thereon and being 
disposed in engagement with the primary swirier (32). 



First and second rails (54) are formed on the secondary 
swirier (40) and are positioned to engage the primary 
swirier (32) and thereby prevent relative rotation of the 
primary and secondary swirters (32,40). 
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Description 

[0001 ] This invention relates generally to gas turbine 
engines and mor particularly to swirler assemblies for 
supplying compressed air to the combustor of such en- 
gines. 

[0002] A gas turbine engine includes a compressor 
that provides pressurized air to a combustor wherein the 
air is mixed with fuel and ignited tor generating hot com- 
bustion gases. These gases flow downstream to one or 
more turbines that extract energy therefrom to powerthe 
compressor and provide useful work such as powering 
an aircraft in flight. In combustors used with aircraft en- 
gines, the fuel is typically supplied to the combustor 
through a plurality of fuel nozzles positioned at one end 
of the combustion zone. The air is supplied through sur- 
rounding assemblies, known as s wirier assemblies, 
which impart a swirling motion to the air so as to cause 
the air and fuel to be thoroughly mixed The swirl er as- 
semblies are mounted in a dome plate that is joined to 
the upstream ends of the combustors inner and outer 
liners, and each fuel nozzle ttp is received in a corre- 
sponding one of the swirler assemblies. 
[0003] One conventional swirler assembly is a three 
pan assembly comprising a primary swirler, a secondary 
swirler and a retainer. The primary swirler has a plurality 
of circumferential ly spaced swirl vanes or air passages. 
The vanes or passages are angled with respect to the 
axial center line of the swtrler assembly so as to impart 
a swirling motion to the air How. The secondary swirler, 
also having a plurality of circumfenenttalty spaced swirl 
vanes or air passages, is disposed immediately down- 
stream of the primary swirler. The vanes or passages of 
the seco ndary swi rter are angled so as to produce a swirl 
of air swirling in the opposite direction as the primary 
swirler to further promote fuel-air mixing. The retainer 
fits overthe primary swirler and is welded to the second- 
ary swirler to retain the two swiriers in engagement with 
one another. 

[0004] The air flow through the vanes or passages of 
the primary swirler creates a reaction force that tends to 
cause the primary swirler to rotate with respect to the 
secondary swirler and the fuel nozzle. However, (f air 
lowed to rotate, the phmary swirler would fall to impart 
the necessary level of swirling to the air, and effective 
mixing of the air and fuel would not be achieved. Fur- 
thermore, rotation of the primary swirler would cause ex- 
cessive wear to the fuel nozzle tip. Primary swirler rota- 
tion is thus prevented in conventional swirler assemblies 
by providing an outwardly extending tab on the primary 
swirler and a post on the secondary swi rter, wherein the 
tab engages the post so as to limit relative rotation of 
the swiriers. 

[0005] However, the combustor stru cture is vfcration - 
ally active and there is substantial thermal expansion of 
components during operation of a gas turbine engine. 
As a result, there is relative movement between the tab 
and the post resulting in significant wear that eventually 



requires repair and increases maintenance costs. The 
repair process is relatively difficult because it requires 
removal of the permanently welded retainer. It is also 
possible that a worn tab and/or post could break off and 

* cause damage t the turbine downstream. Furthermore, 
the retainer is susceptible to cracking during operation 
and often needs to be replaced. 
[0008] Accordingly, there is a need for an improved 
swi rter assembly that prevents rotation between the pri- 

10 mary and secondary swiriers without requiring frequent 
repairs. 

[0007] According to a first aspect of the invention, a 
swirler assembly comprises a first swirler; and a second 
swirler m engagement with the first swirler having at 
least one rail formed thereon, wherein the said at least 
one rail engages an edge of the first swirler so as to 
prevent relative rotation of the first and second swiriers. 
[0008] A stop tab may be formed on the second swirl- 
er, preferably on an outer edge thereof. The stop tab 
20 may define a planar surface that is perpendicular to the 
rail. 

[0009] A tack weld may be appBed to the second swirl- 
er, preferably to a weld tab formed thereon, the tack weld 
being spaced from the stop tab so as to permit limited 
25 lateral movement of the first swirler relative to the sec- 
ond swirler 

[0010] The swirler assembly may further comprise a 
second rail formed on the second swirler, wherein the 
second rail engages an edge of the first swirler and is 

so spaced from tire said at least one rail so as to permit 
limited lateral movement of the first swirler relative to 
the second swirler. The second rail and the said at least 
one rail may be parallel to one another. 
[001 1] The said at least one rail may have an inwardly 
directed flange formed thereon so as to retain the first 
swirler and the second swirler in engagement. 
[0012] A protrusion may be formed on the first swirler, 
wherein the said at least one raft engages the first swirler 
at the protrusion. 

-to [0013] According to a second aspect of the invention, 
a swirler assembly comprises, a primary swirler includ- 
ing a base section defining an outer edge and having a 
central opening formed therein; a secondary swirler in- 
cluding a base section defining an outer edge and hav- 

45 ing a venturi formed thereo n, the seco ndary swirler be- 
ing disposed in engagement with the primary swirler; 
first and second rails formed on the secondary swirler, 
the first and second rails each engaging the outer edge 
of the primary swirler so as to prevent relative rotation 

50 of the primary and secondary swiriers. 

[0014] A stop tab may be formed on the outer edge of 
the secondary swirler, the stop tab being located so as 
to engage the outer edge of the primary swirler; and 
a weld tab formed on the secondary swirler and a tack 

55 weld applied to the weld tab, the tack we Id being spaced 
from the stop tab so as to permit limited lateral move- 
ment of the primary swirler relative to the secondary 
swirler. 
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J0015] The first and second rails may be formed on 
the outer edge of the secondary swirter, on opposite 
sides of the venturi. The first and second rails may be 
spaced apart so as to permit limited lateral movement 
of the primary swirier relative to the secondary swrrter. 
[0016] The first and second rails may be parallel to 
one another. 

[001 7] The stop tab may define a planar surface that 
contacts the outer edge of the primary swirier and is per- 
pendicular to the first and second rails. 
[0018] Each of the first and second rails may have an 
inwardly direct flange formed thereon so as to retain the 
primary and secondary swirters in engagement 
[0019] First and second protrusions may be formed 
on the primary swirier, wherein the first and second rails 
engage the primary swirier at the first and second pro- 
trusions, respectively. 

[0020] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

[0021] Figure 1 is an axial sectional view of the for- 
ward portion of combustor having a swirier assembly of 
the present invention. 

[0022] Figure 2 is a perspective view of a primary 
swi rf er f o r the swirier assembly of the present invention. 
[0023] Figure 3 is a perspective view of a secondary 
swirier for the swirier assembly of the present invention. 
[0024] Figure 4 is a perspective v iew of an assembled 
swirier assembly of the present invention 
[0025] Referring to the drawings wherei n identical ref- 
erence numerals denote the same elements throughout 
the various views, Figure 1 shows the forward end of a 
combustor 1 0 of the type suitable for use in agas turbine 
engine and including a hollow body 12 defining a com- 
bustion chamber 1 4 therein. The hollow body 12 is gen- 
erally annular in form and is defined by an outer liner 1 6 
and an inner liner 18. The upstream end of the hollow 
body 1 2 is substantially closed off by a cowl 20 attached 
to the outer liner 1 6 by a first fastener 22 and to the in ner 
liner 1 8 by a second fastener 24. At least one opening 
26 is formed in the cowl 20 for the introduction of fuel 
and compressed air The compressed air is introduced 
into the combustor 10 from a compressor (not shown) 
in a direction generally indicated by arrow A of Figure 1 . 
The compressed air passes primarily through the open- 
ing 26 to suppo rt combustion and partially into the region 
surrounding the hollow body 1 2 where it is used to cool 
both the liners 16,18 and turbomachinery further down- 
stream. 

[0026] Disposed between and interconnecting the 
outer and inner liners 16, 1 8 near their upstream ends 
is an annular dome plate 28. A plurality of circumferen- 
ttally spaced swirter assemblies 30 (one shown in Figure 
1) is mounted in the dome plate 28. Each swirier assem- 
bly 30 includes a primary swirier 32 that comprises a 
plurality of angularly directed passages 34. The passag- 
es 34 are angled with respect to the axel centeriine 31 
of the swirier assembly 30 so as to impart a swirling mo- 



tion to the air flow. The primary swirier 32 also has a 
central opening 36 that coaxially receives a fuel nozzle 
38. 

[0027] The swirier assembly 30 further includes a sec- 

£ ondary swirier 40 that adjoins the primary swirier 32, 
downstream thereof, and is fixedly received in the dome 
plate 28. The secondary swirier 40 includes a venturi 42 
and a plurality of circumferential fy spaced swirl vanes 
44 disposed coaxiaUy about the venturi 42. The venturi 

10 42 and the central opening 36 of the primary swirier 32 
are both coaxially aligned with the axial centeriine 31 of 
the swirier assembly 30. Air from the opening 26 passes 
through the passages 34. The swirling air exiting the 
passages 34 interacts with fuel injected from the fuel 

*5 nozzle 38 so as to mix as it passes into the venturi 42. 
The secondary swirl vanes 44 then act to present a swirl 
of air swirling in the opposite direction that interacts with 
the fuel/air mixture so as to further atomize the mixture 
and prepare it for combustion in the combustion cham- 

20 ber 14. It should be noted that although Figure 1 illus- 
trates the swirier assembly of the present invention in a 
single annular combustor, the present invention is 
equally applicable to other types of combustors, includ- 
ing multi-annular combustors 

35 [0028] Turning now to Rgure 2-4, a swirter assembly 
30 is shown in more detail. As seen in Rgure 2, the pri- 
mary swirier 32 comprises a base section 46 having a 
ferrule 48 formed on one surface thereof. The base sec- 
tion 46 is a fiat member having opposing planar su rf aces 

so and defining a perimeter or outer edge. The first su rf ace 
of the base section 46, from which the ferrule 48 ex- 
tends, faces upstream when the swirier assembly 30 is 
properly positioned in the combustor 1 0. The passages 
34 are disposed tircumferentialry about the ferrule 48, 

35 which defines the above-mentioned central opening 36. 
A pair of raised protrusions 50 are formed on the first 
surface of the base section 46, along the outer edge 
thereof and on opposite sides of the ferrule 48 so as to 
be arranged substantially parallel to one another. 

40 [0029] Referring to Rgure 3, the secondary swirier 40 
comprises a base section 52, which is also a flat mem- 
ber having opposing planar surfaces and defining a pe- 
rimeter or outer edge. The base section 52 has a first, 
upstream-facing surface, which engages the second 

45 surface of the primary swirter 32 when the swirier as- 
sembly 30 is assembled, and a second, downstream - 
facing surface. The venturi 42 extends ax tally (with re- 
spect to the axial centeriine 31 of the swirier assembly 
30) outward from the second surface and , as mentioned 

so above, the swirl vanes 44 are disposed coaxially about 
the venturi 42. A pair of retainer rails 54 extends axially 
outward from the first surface of the base section 52. 
Each retainer rail 54 is located along the outer edge of 
the base section 52, on opposite sides of the venturi 42 

55 so as to be arranged substantially parallel to one anoth- 
er. Each retainer rail 54 includes a substantially radially 
(with respect to the axial centeriine 31 of the swirier as- 
sembly 30) inwardly directed flange 56 thereon for en- 
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gaging the primary swirier 32. 
[0030] The secondary swirier 40 further indudes a 
stop tab 58 formed on the outer dgeofthe base section 
52 and extending axiaify outward from the first surface 
thereof. The stop tab 58 defines a planar surface and is 
located on the outer edge of the base section 52 such 
that its planar surface extends perpendicularly to the re- 
tainer raits 54. A weld tab 60 is also formed on the outer 
edge of the base section 52 but extends substantially 
radially outwardly therefrom. The weld tab 60 is located 
on an opposite side of the venturi 42 from the stop tab 
58. 

[0031] The base sections 46 and 52 of the two swirtars 
32 and 40 have substantially the same shape, although 
the base section 52 of the secondary swirter 40 is slightly 
larger. The protrusions 50 and the retainer rails 54 are 
located in corresponding positions on the outer edges 
of the similarly shaped base sections 46 and 52, respec- 
tively. Thus, as shown in Figure 4, the swirier assembly 
30 is assembled by sliding the primary swirier 32 into 
engagement with the secondary swirter 40 such that the 
base sections 46 and 52 abut one another in a substan- 
tially coplanar manner. Furthermore, the protrusions 50 
will be aligned with the retainer rails 54 so as to prevent 
rotation of the primary swirter 32 relative to the second- 
ary swirier 40. The protrusions 50 will also be engaged 
by the retainer rati flanges 56 so as to axiafly hold the 
two swiriers 32 and 40 together. The protrusions 50 pro- 
vide an enlarged contact area with the retainer rails 54 
so as to reduce wear thereof. 

[0032] The retainer rails 54 also limit lateral move- 
ment of the primary swirier 32 with respect to the sec- 
ondary swirier 40 along a first axis, denoted as axis X 
in Figure 4, which lies in the plane defined by the base 
sections 46 and 52. 

[0033] That is, the two retainer rails 54 are spaced 
apart sufficiently in the X direction to allow limited lateral 
movement of the primary swirter 32 relative to the sec- 
ondary swirier 40. Similarly, the stop tab 58 and a tack 
weld 62, which is applied to the weld tab 60 after assem- 
bly of the two swiriers 32 and 40, operate to limit lateral 
movement of the primary swirier 32 along a second axis, 
denoted as axis Y in Figure 4, which also lies in the plane 
defined by the base sections 46 and 52, perpendicular 
to axis X. In this case, the stop tab 58 and the tack weld 
62 are spaced apart sufficiently in the Y direction to per- 
mit limited lateral movement of the primary swirier 32 
relative to the secondary swirier 40. This arrangement 
allows the primary swirier 32 to float or move laterally 
so that the ferrule 46 can be co axiaify aligned with, and 
receive, the fuel nozzle 36, but otherwise prevents the 
two swiriers 32 and 40 from becoming disengaged while 
the swirier assembly 30 is being installed in the engine 
10. 

[0034] Once the swirier assembly 30 is installed in the 
engine 1 0, the fuel nozzle 38 centers and holds the pri- 
mary swirier 32 in place between the two retainer rails 
54. Thus, the retainer rail flanges 56, the stop tab 58 



and the tack weld 62 provide n further function when 
the swirter assembly 30 is installed inth engine 1 0. Fur- 
thermore, air flow from the compressor during ngine 
operation holds the primary swirier 32 against the sec- 

* ondary swirier 40. At the same time, air flowing through 
the passages 34 of the pri mary swirier 32 creates a re- 
action force that causes the primary swirter 32 to rotate 
slightly such that the protrusions 50 engage the retai ner 
rails 54. The retainer rails 54 are located in relation to 

"> the axial centariine 31 of the swirter assembly 30 and 
the angle of the passages 34 so to oppose first swirier 
rotation. Engagement of the retainer rails 54 by the pro- 
trusions 50 thereby prevents rotation of the primary 
swirier 32 with respect to the secondary swirier 40, and 

'5 thus with respect to the fuel nozzle 38 as well. 

[0035] The foregoing has described a swirier assem- 
bly 30 that prevents primary swirter rotation and retains 
both swiriers 32 and 40 in engagement. The present in- 
vention accomplishes this with two parts rather than the 

20 three parts used in conventional swirter assemblies. A 
two part assembly reduces costs and facilitates manu- 
facture since the f ixturing and set-up for welding a sep- 
arate retainer is eliminated. Repair of the swirter assem- 
bly is easier because removing the primary swirier 32 

25 during field repair simply requires removal of the small 
tack weld 62 rather than removing a permanently weld- 
ed retainer as before. Furthermore, the contact area be- 
tween the protrusions 50 and the retainer rails 54 in the 
present invention is greater than the contact area of a 

so conventional post-tab arrangement. This greater con- 
tact area decreases wear, thereby extending the life of 
the parts and decreasing the frequency of repairs. 



ss Claims 

1. A swirier assembly (30) comp ris ing : 

a first swirier (32); and 

40 a second swirier (40) in engagement with said 

first swirier (32) having at least one rail (54) 
formed thereon, wherein said at least one rail 
(54) engages an edge of said first swirter (32) 
so as to prevent relative rotation of said first and 

45 second swiriers (32,40). 

2. The swirier assembly (30) of claim 1 further com- 
prising a stop tab (58) formed on said seco mi swi rler 
(40). 

50 

3. The swirter assembly (30) of claim 2 wherein said 
stop tab (58) Kformedon an outer edge of said sec- 
ond swirier (40). 

55 4. The swirier assembly (30) of claim 3 wherein said 
stop tab (58) defines a planar surface that is per- 
pendicular to said rail (54). 
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5. The swifter assembly (30) of claim 3 further com- 
prising a tack weW (62) applied to said second swiri- 
er (40), said tack weld (62) being spaced from said 
stop tab (56) so as to permit limited lateral move- 
ment of said first s wirier (32) relative to said second s 
swirler (40). 

6. A swirler assembly (30) comprising: 

a primary swirler (32) including a base section w 
(46) defining an outer edge and having a central 
opening (36) formed therein; 
a secondary swirler (40) including a base sec- 
tion (52) defining an outer edge and having a 
venturi (42) formed thereon, said secondary 
swirler (40) being disposed in engagement with 
said primary swirler (32); 
first and second rails (54) formed on said sec- 
ondary swirler (40), said first and second rails 
(54) each engaging said outer edge of said pri- 20 
mary swirler (32) so as to prevent relative rota- 
tion of said primary and secondary swirters 
(32,40). 

7. The swirler assembly (30) of claim 6 further com- 25 
prising: 

a stop tab (56) formed on said outer edge of 
said secondary swirler (40), said stop tab (56) 
being located so as to engage said outer edge so 
of said primary swirler (32); and 
a weld tab (60) formed on said secondary swirl- 
er (40) and a tack weld (62) applied to said weld 
tab (60), said tack weld (62) being spaced from 
said stop tab (56) so as to permit limited lateral ss 
movement of said primary swirler (32) relative 
to said secondary swirler (40). 

8. The swirler assembly (30) of claim 6 or 7 wherein 
said first and second rails (54) are formed on said 40 
outer edge of said secondary swirler (40), on oppo- 
site sides of said venturi (42). 

9. The swirler assembly (30) of claim 8 wherein said 
first and second rails (54) are spaced apart so as to 45 
permit limited lateral movement of said primary 
swirler (32) relative to said secondary swirler (40). 

10. The swirler assembly (30) of claim 9 wherein said 
first and second rails (54) are parallel to one anoth- so 

er. 
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